To determine the pattern of urinary mucopolysaccharides during normal human development, the urine samples from 92 normal individuals (aged from birth to 25 years) were analyzed for degradation ratio (large molecular weight mucopolysaccharides/fragments) and for the electrophoretic pattern of the different mucopolysaccharides present. The degradation ratio averaged 0.42 ± 0.21 (range 0.13-0.75) and was independent of age and sex. It was determined by electrophoresis that the major mucopolysaccharide was chondroitin sulfate. In the eight patients with a genetic mucopolysaccharidosis the degradation ratio was above 1.0 and electrophoresis revealed the presence of large quantities of dermatan sulfate and heparan sulfate. The two tests, therefore, permit distinction of urine from a normal individual from that of a patient with a genetic mucopolysaccharidosis.
Introduction
Qualitative and quantitative analyses of urinary mucopolysaccharide excretion have provided variables which reflect the mucopolysaccharide metabolism of the body [4, 6] .
Previous studies [4, 10] have attempted to establish values for total urinary mucopolysaccharide excretion in terms of total uronic acid per 24 hr or per milligram of creatinine. Difficulty has been experienced, however, in establishing meaningful values. Thus, Di Ferrante et al. [3] proposed that the degradation ratio defined as the large molecular weight mucopolysaccharides/fragments was a more sensitive reflection of mucopolysaccharide metabolism. They reported that the ratio was less than 1 in normal individuals and consistently greater than 1 in children affected with various mucopolysaccharide-storage disorders. It was therefore concluded that the degradation ratio was a reliable index of mucopolysaccharide metabolism and that any increase in the ratio above the normal range indicated a disorder in degradation of mucopolysaccharides. Unfortunately, standard values for a group of normal individuals have not been available.
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The purpose of the present study was to establish the pattern of urinary mucopolysaccharide excretion for a group of normal individuals (aged from birth to 25 years) with two tests: (2) the degradation ratio to establish standard values for the normal population and (2) electrophoretic profiles of purified urinary mucopolysaccharides isolated from the same normal individuals.
Materials and Methods
Urine samples from 92 normal individuals of both sexes whose ages ranged from several weeks to 25 years and from 8 patients with different genetic mucopolysaccharidoses were collected without preservative, measured, and filtered. Urinary mucopolysaccharides were precipitated with 1% cetylpyridinium chloride (CPC). The urinary mucopolysaccharide fragments not precipitated by the detergent were passed through a Dowex-50 column, collected on a column of Dowex-1 2X resin (200-400 mesh, Cl form) and eluted in various fractions with step-wise increasing concentrations of NaCl [2] . Both the large molecular weight urinary mucopolysaccharides in the precipitate and the fragments in the supernatant were estimated as uronic acid by the carbazole method [5] . Reproducibility of recovery was measured by duplicate isolations of mucopolysaccharides from urine samples from four normal individuals.
The electrophoretic pattern of the purified CPC-precipitated mucopolysaccharides was observed on cellulose acetate strips in a Beckman microzone cell [12] using 0.1 M barium acetate buffer to identify individual mucopolysaccharides [11] . In this buffer system heparan sulfate and chondroitin sulfate migrated separately; hyaluronic acid migrated with dermatan sulfate.
Results and Discussion
Urinary mucopolysaccharides have been characterized quantitatively by 24-hr total excretion [4, 10] and qualitatively by the distribution of different mucopolysaccharides [4, 6, 10, 11] . An alteration in either variable has been considered to be suggestive of a mucopolysaccharide disorder. To interpret an alteration in ratios it is, of course, necessary to know the range of ratios for normal individuals of the same sex and age. Recent investigations [1] have shown that at least some of the genetic mucopolysaccharidoses are due to deficiencies in specific degradative enzymes and measurement of these enzymatic activities is of more precise diagnostic value.
Duplicate isolation of mucopolysaccharides, both large molecular weight and fragments, from different urine samples from four normal individuals showed that recovery had an experimental error of less than 5%. Table I lists the degradation ratios with range for age (by years and sex). During the 1st year of life the urinary degradation ratios of nine normal individuals were below 1.00. For the urine samples from 83 normal individuals between 2 and 25 years of age, the degradation ratio averaged 0.42 ± 0.21 (range 0.13-0.75). This ratio was not influenced by age, sex, or puberty (Table II) .
The urinary mucopolysaccharide ratios of the eight patients with a genetic mucopolysaccharidosis were all above 1 (Table III) . There was a good correlation between clinical stigmata reflecting tissue storage and increase in degradation ratio. The patients with urinary degradation ratios over 2 consistently had clinical evidence of mucopoiysaccharide storage, whereas the patients with ratios below 2 had a minimal amount of such involvement. Electrophoretic analysis of urinary concentrates as a supplement to the degradation ratio proved to be a simple and reliable method to determine the different mucopolysaccharides present in the urine. The high chondroitin sulfate content in the urine [11] necessitated the use of a buffer system (barium acetate) in which chondroitin sulfate could be distinguished as a separate band (Fig. 1) . It was determined by electrophoresis that chondroitin sulfate was the major mucopoiysaccharide in the urine from normal individuals. Minor components of normal urine (heparan sulfate, keratan sulfate, dermatan sulfate, and products of partial desulfation of chondroitin sulfate) described previously [4, 7] were not detected by this electrophoretic system. A minor Alcian blue-positive fraction (A' in Fig. 1 ), which migrated more slowly than heparan sulfate, was characteristically seen but is not as yet chemically identified.
The major mucopolysaccharides in the urine from the Hurler patients were dermatan sulfate and heparan sulfate (Fig. 1) . Thus, the electrophoretic pattern for urinary mucopolysaccharides proved to be a relatively easy way to determine whether there was any change in the distribution of different mucopolysaccharides in the urine.
In the analysis of urinary mucopolysaccharides, the determination of the degradation ratio coupled with the electrophoretic pattern of the CPC-precipitated mucopolysaccharides gave a basis to distinguish normal individuals from patients with clinical phenotypes diagnostic or suggestive of a genetic mucopolysaccharidosis [8, 9] . As the degradation ratio reflects the total mucopoiysaccharide metabolism [2] , such a numerical value should be essential information in deciding whether any abnormality in mucopoiysaccharide metabolism is involved in producing an abnormal clinical phenotype. 
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Summary
The degradation ratios for urinary mucopolysaccharides of 92 normal individuals (aged from birth to 25 years) were determined to establish the pattern of urinary mucopolysaccharides during development. The degradation ratio averaged 0.42 ± 0.21 and was not influenced by age, sex, or puberty. In contrast, the degradation ratios for urinary mucopolysaccharides for eight patients with a genetic mucopolysaccharidosis were above 1.0.
